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CALIPSO 6-Grouping Aerosol Type Classification 
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AERONET Aerosol Type 7-Grouping Classification 


Four-parameter 

AERONET- 

derived 

classification: 


EAE, 


•SSA, 


^491,863 
l 491 

• rri 670 

• dSSA s 


L 863-491 


1.05 r 





2D 

(um«L 

dbtiKt 

I*.'.'* 


50 % 

— 1,67 

75 % 


°'-0.5 0 05 1 l!s 2 2.5 

Extinction Angstrom Exponent (491 ,863 nm) 


7 Groupings 
SSA^^ vs. 
Extinction ANG 



7 Groupings 
Real RI 670 vs. 
Extinction ANG 


Russell et al. JGR 2014 







PARASOL data at Forth Crete projected 
onto the AERONET Aerosol Type Classification 


Four-parameter 

AERONET- 

derived 

classification: 


EAE, 


•SSA, 


^491,863 
l 491 

• rri 670 

• dSSA s 


L 863-491 


1.05 


£ 

C 

r: 0.95 
o> 


a9 

< 

05 

I 0-85 

1 

_a> 0.8 

f 

<J) 

0.75 


0.7 


Atugncd acrtwoi ilutc« 
Cokw TjrtM 
O 


har Dmi I 
Ml mHtt 
BBdMi 
De>Vib 
l\ur Man 
t-Wl Duo 


I 


1 ^ '• ‘ / 'Tfs' 



9> M-Kal 

< «uim1 

dhumt 

Pt«6 

IIM 

50<* 

167 


1 


-0.5 


0.5 1 1.5 

Extinction Angstrom Exponent (491 ,863 nm) 


t .65 r 


^ Aligned <mw( il»m 
1 -O h Cofar Syafeul 


1.55 


6 
c 

g 

<o 

x 
© 

-o 

m 1.45 k 


1 * 4 ' 
QC 


llftUad I 

hw (Am* I 
MV-wtuir 

“ I 

M | 

ruw u»i tm a 
rsu; |)m | 


iA 




4mLa . 


73 

■ 

QC 


1.35- 

1.3- 

1.25 


KUlpae* 


♦ ^ 
A 



2D Mat* 

iaii.X 

dMMtt 

IVob 

“**••• 1 It 

50* 

— 167 

75% 


► 0 


0.5 1 1.5 

Extinction Angstrom Exponent (491,863 nm) 


(a) 


2.5 


(b) 


2.5 


7 Groupings 
SSA^^ vs. 
Extinction ANG 


7 Groupings 
Real RI 670 vs. 
Extinction ANG 


Russell et al. JGR 2014 






HSRL Aerosol Type 8-Grouping Classification 


r3 

T3 


100 


80 - 


2 60 


40 " 


T" 

Muller ct al. 2007 

13 Tropical Indian Ocean FT 

14 Sahara PBL 

15 Sahara FT 

16 Saudi Arabia 

17 Central Europe Urban 

18 Southern Europe Urban 

19 North America Urbjm, 

20 Arctic Haze <y~ 

21 Forest Fire 

22 North India 

23 South India 

24 SE Asia 

25 South China 

26 North China 


20 

0 


lee 

Pure Dust 


“Polluted Maritime *' 
■ 

, Fresh Smoke 

Smoke 

‘ * * * i . * » 



o 


tdDifiar et ah 2KXf> 

7 Dolt _ 

<8 Smoke 

9 Clean Continental 

1 1 Clean Marine 

12 Pollute^ Dust 


0.0 0.5 1.0 1.5 2.0 

Backscatter color ratio 


2.5 


3.0 


Four-parameter 

AERONET- 

derived 

classification: 

* a 5ttl0532 

* ^ 1064^532 

* $532 

* A 064^532 



532 nm AenusoL Depolarization Spectral Depylamalion Ratio (1064 tun/532 nm) 


Polluted 

Ice Pure Duit Dusty Mbr Maritime Maritime Urban Frefth Smoke Smoke 



Burton et al. JGR 2012 





http://www-misr.jpl.nasa.gov 

http://eosweb.larc.nasa.gov 

* Nine CCD push-broom cameras 


Nine view angles at Earth surface: 
70.5 Q forward to 70.5 9 aft 


Four spectral bands at each angle: 

446, 558, 672, 866 nm 

• Studies Aerosols, Clouds, & Surface 



Model-based Aerosol Type Clustering for MISR Sensitivity 
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MISR Aerosol Type Discrimination Sensitivity Study 
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MISR Aerosol Type Discrimination 
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Aerosol Type Validation Approach 

• No “Ground Truth” except from Field Campaigns ( Golden Days) 

— Unlike Spectral AOB (and ANG) from AERONET 

Particle Properties are derived with many more assumptions 

— Very few MISR- AERONET Sky-scan Coincidences 

• MISR Self-consistency Tests 

— Qualitative , but useful 

— Regional and Temporal Behavior vs. Expectation 

• MISR Comparisons with AERONET proxies 

— Compare Seasonal , Inter-annual patterns statistically 
— Fine-mode Fraction (FMF) 

— Effective radius (r e ) and variance ( o) [two modes - issue with def. of “modes”] 

- Single-scattering albedo (* SSA ) [for aod_440 > 0.4; aeronet sza > 50°] 

- Sphericity ( “%)Sph. ”) [for AERONET ANG < 1 .0 only - few MISR cases w/AOD>0.2] 


Kahn & Gait ley, JGR, 2015 



MISR Aerosol Type Discrimination 
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A Three-wav Street : 

MISR & M0DI5 Provide Context, SEA&RS 
Provides Detail, & Models Complete the Picture 
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MISR Research Aerosol Retrieval 

MISR components & Mixtures for the 774-mixture set 
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* ri , r 2 are The upper and lower limits of the component particle size distribution; is effective radius Cjurn) , a is the log-normal size distribution width, E is the spectral ratio of extinction cross-section, g is the asymmetry 
parameter; dust grain and sphenoid optical properties from Kalashnikova etal. (200d); cirrus from Raumet al. (2005). 
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Effectively larger 
particles in Plume 2 
than Plume 1. Larger 
yet in Plume 3. Largest 
in background. 
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Five Aerosol Air Masses: 
• Three Smoke Plumes 
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• Continental-Smoke Mix 
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Single Scattering Albedo 
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Higher SSA particles 
in Plume 2 than 
Plume 1. Higher still 
(on average) in 
Plume 3 and 
background. 
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Absorption AOD 


42°N* 


40*N- 


38“N* 


36°N 


34 < *N- 


32°N 


30°N 


28*N 



More aerosol 
absorption in Plume 1 
than elsewhere in the 
scene. (Not enough 
v| S/N for SSA retrieval in 
the lower-AOD 
regions.) 
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AOD Non Spherical 





More non-spherical 
particles in Plume 1 
than 2 (still only <~ 15% 
AOD). Less in Plume 3; 
none in background. 
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Aerosol Optical Depth (558 nm) 
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Five Aerosol Air Masses: 
• Three Smoke Plumes 
• Continental Bkgnd. 

» Continental-Smoke Mix 


Continental- 
Smoke Mix 


106‘W 104*W 102 P W 1 98*# 


Smoke Plume 1 

AOD 035 - 0.9 

ANG 1.5- 1.9 (small) 

SSA 0.94-0.98 (absorbing) 
FrNon-Sph 0-0.2 (mostly sph.) 


GO 0.2 0.4 0.6 0.8 1-0 



Smoke Plume 2 
AOD 035-0.6 

ANG 1. 6-2.0 (smaller) 
SSA 0.96-0.98 (less abs.) 
FrNon-Sph 0-0.1 (more 
spfid 




Effectively larger, less 
absorbing particles in 
Plume 2 than Plume 1. 
Larger yet in Plume 3. 
Largest in background. 


Passive-remote-sensing Aerosol Type is a Total-Column-Effective , Categorical variable!! 





Mapping AOD & Aerosol Air-Mass-Type in Urban Regions 



Nadir 


Mexico City 


Nadir 


70°aft 


Patadia et al. 





Urban Pollution AOD & Aerosol Air Mass Type Mapping 

INTEX-B, 06 & 15 March 2006 
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Aerosol Air Masses: Dust (non-spherical), Smoke (spherical, spectrally steep absorbing), 
and Pollution particles (spherical, spectrally flat absorbing) dominate specific regions 


Patadia et al., ACP 2013 







SAM-CAAM 

[Systematic Aircraft Measurements to Characterize Aerosol Air 

Masses] 



[This is currently a concept-development effort, not yet a project] 

Primary Objectives '. 

• Interpret and enhance 15+ years of satellite aerosol retrieval 
products 

• Characterize statistically particle properties for major aerosol 
types globally, 

to provide detail unobtainable from space, but needed to improve : 

- Satellite aerosol retrieval algorithms 

-- The translation between satellite-retrieved aerosol optical properties 




SAM-CAAM Concept 

[Systematic Aircraft Measurements to Characterize Aerosol Air 

Masses] 

Dedicated Operational Aircraft - routine flights, 2-3 x/week, on a continuing basis 

Sample Aerosol Air Masses accessible from a given base-of-operations, then move; 
project science team to determine schedule, possible field campaign participation 

Focus on in situ measurements required to characterize particle Optical Properties, 
Chemical Type , and Mass Extinction Efficiency (MEE) 

Process Data Routinely at central site; instrument Pis develop & deliver algorithms, 
upgrade as needed; data distributed via central web site 

Peer-reviewed Paper identifying 4 Payload Options , of varying ambition; 
subsequent selections based on agency buy-in and available resources 


SAM-CAAM is feasible because: 

Unlike aerosol amount, aerosol microphysical properties tend to be repeatable 
from year to year, for a given source in a given season 
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Remote-sensing Analysis 

• Retrieval Validation 

• Assumption Refinement 
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Predictions; 
Meteorology; 

Data integration 

Model Validation 

• Parameterizations 

• Climate Sensitivity 

• Underlying mechanisms 


CURRENT STATE 
• Initial Conditions 
Assimilation 
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Must stratify the global satellite 
data to treat appropriately 
situations where different 
physical mechanisms apply 
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Aerosol Direct & 
Indirect Effects 

calculation and prediction 


Adapted from: Kahn, Survy. Geophys. 




